The 19th and 20th century use of electrical stimulation by physiologists and neurologists was mirrored by an extraordinary misuse of the same techniques. On the one hand, a vast body of knowledge was accumulated about the response of nervous tissue to electrical currents, beginning with the demonstration of the electrical excitability of the motor cortex (Fritsch & Hitzig 1870), leading eventually to Sherrington's (1906) exposition of the integrated action of the nervous system, and continuing to the present day. On the other hand, there was an amazingly uncritical demonstration of the apparently therapeutic use of electricity, and enthusiastic but pointless experiments such as those of the Abbe Nollet, who discharged a Leyden jar through 180 of the King's Guards at Versailles and then repeated this virtuoso performance on the entire membership of a Carthusian monastery. No wonder the therapeutic use of electrical stimulation meets with a certain scepticism. St Thomas' Hospital struck an early note of caution: in 1778 an electrical machine was installed at the Middlesex Hospital although St Thomas' waited until 1799 because 'it was the usage at St. Thomas' Hospital to admit nothing new into practice until 7 years' experience had given it validity' (Birch, quoted by Licht 1967) .
The first important use of electronic technology was that of cardiac pacing in the 1960s. In neurology, the clinical application of electrical stimulation began with Mclzack & Wall's (1965) illuminating theory of the gate control of pain -a theory which has radically altered not only our understanding of pain but has triggered off changes in ideas about how the central nervous system (CNS) works. Stimulator devices were first used by Shealy et al. (1967) , and since that time peripheral nerves, nerve roots, phrenic nerves, spinal cord, cerebellum, mid-brain, thalamus and cerebrum have been subjected to stimulation in order to' reduce pain, to control diaphragmatic function, to improve bladder function, reduce neurological deficit, alter· peripheral blood flow, aid the blind and the deaf, and treat intractable epilepsy. Some of the more careful studies that have been published show clear evidence of both clinical improvement and objective physiological change in chronic untreatable conditions and in apparent fixed neurological deficit. Moreover, the use of stimulation techniques has opened up a new phase in the understanding of how the nervous system reacts to disease or injury and how this may be modified in order to improve function.
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This editorial will be confined to a single aspect of CNS stimulation -spinal cord stimulation (SCS) specifically in multiple sclerosis (MS) . For other information on stimulation procedures the reader is referred to IlIis & Sedgwick (1982) .
Over the past 20 years or so there has been a considerable change in ideas about the effect of a lesion in the CNS (llIis 1973 , Wall 1977 , Devor 1982 , IIIis 1982 and much of this change suggests a theoretical basis for attempting to improve neuronal function in patients who have a partial lesion in the CNS. Various types of environmental stimulation and electrical stimulation have been carried out in a variety of species and in adult animals, with reported changes in neural structure and in pharmacological and physiological responses.
Environmental stimulation
The usual types of environmental stimulation compare animals reared with and without normal visual stimulus and animals reared in an enriched environment (i.e. more complex and with more external stimulation than in colony life) compared with Iittermates reared in isolation. Animals reared in an enriched environment show an expansion of visual cortex, probably due to an increase in dendritic branching, an increase in cholinesterase and in blood supply, an increase in synaptic size and numbers, and an improved performance in several behavioural tests (Diamond et al. 1964 , Mellgaard et al. 1971 , Greenough & Volkmar 1973 .
Cragg (1967) demonstrated enlargement of synapses in the superficial part of the visual cortex of rats exposed to daylight after weaning, compared to littermates reared in the dark. Lateral geniculate neurones in the rat show changes as a result of continuous exposure to light, with an increase in the number of dendrites, and more branching of dendrites (Parnavelas et al. 1973) .
More significantly, structural' changes have been demonstrated in adult animals. For example, Greenough et al. (1979) compared adult rats subjected to maze-training with littermates subjected to deprivation and showed increase in dendritic branching. Behavioural changes (Schwartz 1964) and changes in morphology and chemistry (Rosenzweig et al. 1962 (Rosenzweig et al. , 1969 have been demonstrated in rats with environmental stimulation. Similar effects of environmental stimulation have been described in the primate (Black et al. 1975 , Floeter & Greenough 1979 .
Electrical stimulation
Repetitive stimulation of afferent nerves may produce morphological changes in synapse size and configuration. De Robertis & Ferreira (1957) stimulated the splanchnic nerve and demonstrated an increase in synaptic vesicles. However, faster rates of stimulation (over 400/s) led to a decrease in synaptic vesicles. Similar results were obtained by Feher et al. (1972) who found an increase in vesicles in reticulocortical endings with auditory stimulation. Rutledge (1978) reviewed the effect of cortical denervation and stimulation in cats: chronic stimulation of cortex resulted in larger boutons, an increase in dendritic synapses and longer synaptic membrane contacts. In monkey cortex, repetitive stimulation of perforant fibres produced increase in volume of dendritic species in the fascia dentata (Van Harreveld & Fifkova 1975) . Bazanova et al. (1966) found that repetitive stimulation of nerves in the frog produced enlargement of synapses which persisted for hours after stimulation. This enlargement of synapses with repetitive stimulation was confirmed by IIIis (1969) in the spinal cord of adult cats following repetitive stimulation of a single posterior root. Synapses showed a shift towards larger sizes and, as with Bazanova's material, there was an increase in the uptake of silver stains. The size and morphology of the synapses (by light microscopy) were similar to the normal 'giant' synapses found on Clarke's column cells. In the synaptic zones of Clarke's column there is normally a system by which synaptic transmission is much more readily accomplished than at the anterior horn cell (Lloyd & McIntyre 1950) . Perhaps the enlarged synapses seen after repetitive stimulation could be responsible for the changes in post-tetanic potentiation. Enlargement of synapses in animals reared in an enriched environment has already been referred to (Mellgaard et al. 1971) .
Jergensen & Bolwig (1979) investigated the effect of electroconvulsive stimulation in rats using protein markers of various components of the synapse and synapse organelles, and found changes which indicated an increase in synaptic vesicles and also evidence of synaptic remodelling. Modigh (1976) , also investigating electroconvulsive stimulation in adult rats, demonstrated a sustained increased activity in noradrenergic neurones.
Acetylcholine release (Birks & Levine 1979) and an increase in acetylcholine (Diamond et al. 1964) , and an alteration in intracellular and extracellular ions (Morris & Krnjevic 1976 , Birks & Levine 1979 have all been demonstrated in response to repetitive stimulation in various species and at various sites. In cats, repetitive stimulation produced excitability changes in terminals of Ia fibres (Willis et al. 1976 ) and potentiation of synaptic transmission has been demonstrated following repetitive stimulation (Bliss & Gardner-Medwin 1973 , Andersen 1978 .
Tetanus toxin is an interesting example of a natural experiment in that the clinical and experimental changes seen are those of increased excitation, for example, repeated convulsions. The toxin produces a progressive depression of inhibition, probably by acting on 'inhibitory synapses (Eccles 1965) , and one may perhaps look upon tetanus as a type of CNS stimulation experiment. Follow up of survivors from tetanus indicates an increase in irritability, sleep disturbance, myoclonus, epileptic fits and electroencephalographic abnormalities (llIis & Taylor 1971) . Experimentally, tetanus toxin produces an increase in synaptic vesicles (Yates & Yates 1966) and an enlargement of boutons termineaux with no evidence of degeneration (Illis & Mitchell 1970) .
Documented evidence of changes produced by repetitive stimulation in man is scarce, but a significant finding is that of EI-Negamy & Sedgwick (1978) who demonstrated increase in the NI3 wave of the cervical somatosensory evoked potential in patients undergoing spinal cord stimulation.
Thirty years ago changes were demonstrated in nerve fibres as a result of repetitive stimulation (Hill 1950 , Edds 1950 . Since an alteration in fibre diameter would presumably produce a change in conduction velocity, this would sequentially lead to an alteration in the temporal and spatial pattern of stimulation within the CNS at successively higher levels of integration. In this way a relatively small structural change could have far-reaching consequences. Antidromic stimulation of the pyramidal tract in the cat increases the size of receptive fields of nerve cells, enhances excitability and may produce sensitivity to new modalities (Adkins et at. 1966) .
These experimental findings suggest that the adult CNS in man is not only capable of change but that the plasticity of the CNS could perhaps be used to enhance recovery. Behavioural changes are seen as a result of electrical stimulation, as well as the morphological and physiological changes outlined above: rats with hypothalamic lesions recover feeding behaviour more quickly if exposed to daily electrical stimulation (Harrell et al. 1974) . Goldman & Lewis (1978) review the evidence for facilitation of recovery after a partial lesion and the influence of environmental stimulation. , The use of spinal cord stimulation followed the publication of Melzack & Wall's (1965) gate control theory and, until 1973, SCS was used exclusively in the treatment of chronic pain and is still used in this way (Miles et al. 1974) . Objective changes seen in spinal cord stimulation include, in the experimental animal, alteration of evoked responses (Bantli et al. 1975) ; evidence of postsynaptic inhibition (Foreman et al. 1976) ; increase in Renshaw cell activity, and inhibition of monosynaptic reflex activity (Thoden et al. 1976 , Siegfried et al. 1978 . In man, objective neurophysiological data which ruled out the possibility of placebo effect were demonstrated in 1976 (Illis et al. 1976 ) and subsequently confirmed.
Measurable responses include decrease in tonic stretch reflex (Siegfried et al. 1978) ; improvement in' cervical .and brainstem evoked responses (Sedgwick et al. 1980) ; changes in CSF and blood catecholamines (Levin & Hubschmann 1980; changes in H-reflex (Illis et al. 1976 ,Thoden et al. 1977 , Siegfried et al. 1978 , Feeney & Gold 1980 ; improvement in urodynamic studies: residual urine, cystometry, sphincter EMG, urethral pressure and bladder capacity (Abbate et al. 1977 , lIIis et al. 1980 , Read et al. 1980 , Hawkes et al. 1980 , Meglio et al. 1980 ; and increase in skin and muscle blood flow (Tallis et al. 1983) .
Despite these changes recorded in cat, monkey and man, it has been suggested that the results produced with SCS could be the result of a placebo response. This criticism has been fully discussed elsewhere (Illis & Sedgwick 1982) . The contingent negative variation (CNV) is a slow, event-related cortical potential which is susceptible to modification by psychological factors. It has been used to investigate the possibility that the improvement in symptoms of patients with MS after SCS was at least partly attributable to a placebo effect (Sedgwick et al. 1980) . The CNVs were normal. Spinal cord stimulation reaches the cortex and consciousness but does not change the CNV, although the CNVs were subject to the classical changes produced by distraction and fluctuations in motivation. The implantation procedure and a period of SCS sufficient to initiate clinical improvement was not followed by any change in the CNV, nor was SCS accompanied by any change in CNV during stimulation.
The first use of SCS in chronic neurological deficit was by Cook & Weinstein (1973) who, instead of disregarding neurological changes in a patient with multiple sclerosis receiving SCS for pain, carefully treated other patients and demonstrated remarkable improvement related to the procedure. The report was met with scepticism and the technique is still regarded as controversial. There are two reasons for this: we believe that a neurological lesion produces a fixed deficit with little or no recovery because we were taught that the CNS was immutable and the growing evidence of plasticity is largely ignored. Secondly, there is a widespread misunderstanding about the nature of SCS. It is not, and never has been, advocated as a treatment for. MS but as a treatment or technique for treating the neurological deficit caused by MS.
Although the major centres are agreed as to the value and drawbacks of SCS in pain and in MS, there have been a minority of adverse reports. The UK experience was reviewed at a workshop in November 1981 (Illis et al. 1983 and more recently at a joint meeting of the International Spinal Research Trust and American Paraplegia Association. In the UK about 90 patients with MS have had SCS carried out in the last 6 years (Liverpool, London, Oxford and Southampton) (Illis et al. 1983) . It seems likely that bladder dysfunction will eventually turn out to be the main indication for SCS in the patient with MS. Adequate objective published data are available in only 3 groups of patients, all from the UK (Illis et al. 1980 , Read et al. 1980 , Hawkes et al. 1980 . There is a considerable degree of qualitative agreement in symptomatic changes (incontinence, urgency, hesitancy, poor stream and frequency) and objective measurements (standard cystometrography with external sphincter EMG and cine-urethrocystometrography). Unfortunately, it is so far impossible to predict from a prestimulation history and urodynamic assessment which patients are likely to respond, and there .is, therefore, no alternative to a trial of temporary SCS with urodynamic assessment before and during stimulation. This appears to be the standard procedure in this country and on the continent.
The general experience in the United Kingdom is that improvement in motor function is slight and only seen in a proportion of patients, though in individual cases the improvement may be striking. Motor disability, with the exception of spasticity, is not an indication for spinal cord stimulation. Although workers in the USA have reported response to cerebellar, brainstem and sensory disturbances, the experience in the UK is that such response is rare and these manifestations are not indications for stimulation.
The long-term benefit is still uncertain because of poor follow-up information. In our series at Southampton, about three-quarters of patients undergoing long-term stimulation lose the beneficial effect at about one year (Illis et al. 1983) . The loss of response usually coincides with technical failure. Nevertheless, the alleviation of bladder symptoms in a generally progressive disorder, even for one year, represents :a significant contribution to patient management.
Two major series from the USA (Rosen & Barsoum 1979 , Young & Goodman 1979 have reported failure of SCS in MS. However, the feature which unites all favourable reports is the response of the bladder and in neither of these papers was bladder function adequately studied.
There have been no significant complications of SCS in most of the major centres (Liverpool, Oxford, Southampton and Zurich). However, three patients from one centre had relapses during the first few days of SCS (Mr D Thomas & Dr C H Hawkes, personal communication). The major problems are due to electrode slippage and breakage of the electrode leads, and this type of complication is largely responsible for the fact that SCS is never a single, simple procedure but a time-consuming and expensive technique. A method for locating lead damage in implanted systems has been described by Renouf & Sedgwick (1980) and this has simplified the management of patients with implanted devices.
The number of patients receiving stimulation in a single European centre (Zurich: Professor Jean Siegfried, personal communication) exceeds the total number of patients treated in the UK. A comparison of the two countries indicates that the proportion of patients responding and going on to permanent stimulation was similar; bladder dysfunction was the major indication for SCS in MS; pain, spasticity and spasms responded well and the proportion of long-term success was about the same.
In conclusion, spinal cord stimulation has an objective and beneficial effect on the bladder dysfunction of MS in about two-thirds of patients, and this improvement has been seen in patients who have previously been treated by standard techniques. With the exception of pain, and possibly spasticity, other manifestations of MS are unlikely to respond. Much more information is required before long-term benefit can be assessed. There is room for considerable technical improvement, particularly with regard to the problem of slippage of electrodes. Further detailed studies of the effects of SCS are necessary in order to have a clearer understanding of the mechanism of action and, for the reasons enumerated, and because SCS is a potentially hazardous technique, the procedure should only be carried out in centres where adequate facilities and staff are available and permanent follow up is intended. Preferably the investigative group should include an engineer, neurophysiologist, urologist and neurologist.
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Wessex Neurological Centre Southampton General Hospital usually sessile, ranging in diameter from a pinpoint to about 6 em, and are most often found in the following locations in order of frequency: serosal surface of small bowel, greater omentum, parietal peritoneum, serosal surface of colon, mesentery, and under the surface of the diaphragm. They have also been described in extraperitoneal locations like the pleural cavity, pericardium and in the subcutaneous tissue of old scars, always following splenic injury.
Is splenosis only a morphological finding or also an expression of recurrent splenic tissue activity? Williams (1950) demonstrated phagocytosis in splenic implants; Gill (1944) reported that a subcutaneous splenotic nodule in the chest wall, resulting from a previous gunshot wound, enlarged during a malarial relapse. Splenic scan is considered a sensitive indicator of splenic tissue activity. Tuftsin, a phagocytosis-stimulating tetrapeptide, has been found to be decreased after splenectomy (Constantopoulos et al. 1973) .
